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adulthood allowing us study later cystic phenotypes. By the
process of cloning these mutants, we hope to gain better insights
into the cellular and molecular phenotypes governing cyst
formation.
doi:10.1016/j.ydbio.2006.04.412
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Hypospadias is a congenital malformation of the penis,
affecting 1:125 live male births. As hypospadias affects both
proper location of the urethral opening and correct formation of
the tubular urethra, a detailed understanding of the embryonic
origins and fate of the urethral epithelium (UE) is vital to a
correct model of genital tubercle (GT) organogenesis. The
prevailing view is that the distal (glandar) urethra arises from
ectodermal cells invaginating from the distal tip of the glans.
We tested the hypothesis that the glandar urethra originates
from endoderm, by using Sonic Hedgehog (Shh), a marker of
hindgut endoderm, to genetically label and follow UE cells
during mouse GT development. We used a gfp-cre fusion
cassette knocked into the Shh locus (Shhgfpcre) to activate the
Rosa26 reporter in endodermal cells to permanently label all
cells that express Shhgfpcre and their descendants. Our detailed
fate-map revealed an endodermal origin for the glandar urethra,
based on lacZ expression in newborn mice. In addition to fate-
mapping, the entire urethra, we investigated the temporal
development of the urethra to determine if different parts of the
urethra are laid down at different stages. We utilized a
tamoxifen-inducible allele of cre knocked into the Shh locus
(ShhcreErt2) to label UE cells expressing Shh at daily intervals.
Our results indicate that the entire urethra is determined prior to
developmental stage E14.5, suggesting that development of the
urethra does not follow a proximal to distal progression like
that found in the limb.
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Mammalian urogenital system development critically
depends on two transcription factors, Pax2 and Pax8, which
were described as the key regulators to specify the nephric
lineage. To identify novel mediators of Pax2/8 function, we
performed microarray analysis on isolated Pax2 wild-type and
mutant mesonephric cells. These experiments identified the
transcription factor Gata3, a gene implicated in human
hyperparathyroidism, deafness and renal anomaly (HDR)
syndrome and tumorigenesis. Gata3 in situ hybridizations,
using Pax2/8 allelic series and controls, not only confirmed the
regulation of Gata3 by Pax genes, but also placed Gata3 as
one of the earliest markers of the pronephros anlage. In order
to address the role of Gata3 during early kidney development,
we generated Gata3/ embryos, which show dramatic defects
during mesonephric morphogenesis. Mutant nephric ducts
displayed severe hyperplasia, combined with increased cell
proliferation and aberrant caudal duct elongation. Furthermore,
Gata3/ nephric ducts never reached the level of the
hindlimbs, the site of metanephric kidney induction. Interest-
ingly, a molecular analysis additionally showed the loss of Ret
expression and signaling in Gata3 deficient mesonephric
epithelium. The absence of adult kidney induction in
Gata3/ embryos prevented the study of Gata3 function
during metanephric kidney development. To overcome this
limitation, we specifically inactivated Gata3 in the developing
urogenital system (UGS) using a Cre/lox-approach. Prelimi-
nary results point towards multiple and distinct roles of Gata3
during UGS morphogenesis.
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The respiratory system, consisting of trachea and lung, is
derived from an outpocketing of the ventral foregut endoder-
mal primordium by a complex process of inductive interactions
between the endoderm and its surrounding mesoderm. While
Fgf10, expressed in the foregut mesoderm, has been shown to
play a critical role in the initiation of lung development, the
signal that regulates tracheal formation has not been elucidated.
We have found that the expression of Bmp4 is restricted to the
ventral foregut mesoderm during initiation of respiratory
system development, suggesting that Bmp4 may function as
a critical signaling molecule governing trachea formation. To
test this hypothesis, we generated a Bmp4 conditional mutant
in which Bmp4 is selectively ablated in the primitive foregut
region. Strikingly, all Bmp4-deficient foreguts develop a single
tube that completely lacks tracheal identity. Moreover, the lung
buds, which normally form distal to the trachea, are now
directly connected to the esophagus. This phenotype is highly
reminiscent of a spectrum of human foregut malformations
collectively referred to as tracheal atresia (TA), which in its
most severe form is accompanied by the complete absence of
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